


Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1954 


The evaluation of the correlation between 
abrasion resistance and weaveability of sized 
warp yarns 


Anderson, George Blake 


Georgia Institute of Technology 


http://hdl.handle.net/10945/14157 


Downloaded from NPS Archive: Calhoun 


| Calhoun is the Naval Postgraduate School's public access digital repository for 
uL D U DLE Y research materials and institutional publications created by the NPS community. 
a | Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 
KN OX appointed — and published — scholarty author. 


"Wy LIBRARY Dudley Knox Library / Naval Postgraduate School 


411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 








http: //wwwenps.edu/library 


iva IA 


5 ^ 
I 1 ii UI Du 


OY LS: LUD 


N I ή | ln LOHN 
| JN Ii T " ne Jl WIN SAU 


I Nb IIl FREE DART RUN τὴ 
ή ΕΕ U gi 
| πι HAV 1 TUR IN: m ur η] 





i int 


o 








Jm VAY 

























ma n v a N ut IN t lt nire E c Mi 3 
ODE OU UE] μι JM ^m in I) in AT ΠῚ u T 
D THE EV ind or dde CORAELAT i), i I D 
Nu: ἜΝ ABRASION  RESISTA TANCE At | ος Mi 


Ie I 


B or suo D n 
MNA RAPI it ANA IM 


l | o , [EM f 
4. es N hi i ή i | f η | | [| i y D U i f fi) | l 4 A i ' 
4 d I^ AA 


iN } T ma IND Ju 


f | ! 
| | | 
A ΕΛΑΣ 
L D Anders e ας 
n MW ub y | VILAM πμ a x 
ο ln, s, gs A: 
ANEN, P uty | ee πε αν 
| Anh Πα IV | aJ 
| 
= i i 
| | 
, ΠῚ 
IUE " i | A 
1n Ns | | η 
p f. | BEA 
I TOY | 
| Ty n 
AI 1 (η 
My T P » 7 
} " 
t t | 
(a T 
U j ' 1 
1 {ΠΠ N 

( m | Hl ΠΠ MA, N Dr 
MTM it UR VINA qe" | 
"n Tn R "^ in ida T. 
| jm p ή rile μις 


"mm MUE * MI 1 .. * NY 

D A al L AA |. all, ala M AM ^ 
In N | ην πι] ή | WA TN Ate 
Μι T I NM im j 


| Pi m m Hoh ΠΠ; Hts 
μα | A NI (i N My a η 
T 


| ! attr = TERN N IK IF KOE a DAN) bi ΤΙ, TUN AY: tl ti ^ "m 


Mad: y. Ir i νο 











RU [Y TR XXV 
i h M ΠΠ N m a 





























THE EVALUATION OF THE CORRELATION 
BETWEEN ABRASION RESISTANCE AND WEAVEABILITY 


OF SIZED WARP YARNS 


A THESIS 
Presented to 
the Faculty of the Graduate Division 


Georgia Institute of Technology 


In Partial Fulfillment 
of the Requirements for the Degree 


Master of Science in Textile Engineering 


By 
George Blake Anderson 


September 1951 





"In presenting the dissertation as a partial fulfillment 
of the requirements for an advanced degree from the Georgia Insti- 
tute of Technology, I agree that the Library of the Institution 
shall make it available for inspection and circulation in accordance 
with its regulations governing materials of this type. I agree that 
permission to copy from, or to publish from, this dissertation may be 
granted by the professor under whose direction it was written, or such 
copying or publication is solely for scholarly purposes and does not 
involve potential financial gain. It is understood that any copying 
from, or publication of, this dissertation which involves potential 
financial gain will not be allowed without written permission. 








THE EVALUATION OF THE CORRELATION 
BETWEEN ABRASION RESISTANCE AND WEAVEABILITY 


OF SEZED WARP YARNS 











ii 


ACKNOWLEDGEMENTS 


Sincere appreciation is extended to the following professors of 
the Georgia Institute of Technology for assistance ani guidance in the 
preparation of this thesis: Mr. G. B. Fletcher, Dr. J. L. Taylor, 

Mr. H. A. Dickert, and Mr. Re Mo. Eastman. In addition the author is 
deeply indebted to the following organizations for the test material 
used in this work: Bibb Manufacturing Company, Muscogee Manufacturing 
Company and Swift Manufacturing Company of Columbus, Georgia; Exposition 
Cotton Mills Company and Scottdale Mills, Inc. of Atlanta, Georgia; and 
the West Point Manufacturing Company, West Point, Georgia. Appreciation 
is also extended to Dr. Paul V. Seydel, Director of Research, Seydel- 
Wooley and Company, Atlanta, Georgia for the use of the Zweigle Abrasion 
Tester, Last, but not least, appreciation is extended to the Quarter- 
master General of the United States Marine Corps for the opportunity to 


study Textile Engineering at Georgia Institute of Technology. 








TABLE OF CONTENTS 


AORNOMBSGBMENTS. S e . 23. en en 
SI OF BS ade 
[BR GC EOS ue TCU Vera. 
[Wu MC cc le 
CHAPTER 
E INGRGDUSQUGNA. ee οκ 
II, INSTRUMENTATION AND EQUIPMENT . . . 


Suter Single Strand Tester 
Zweigle Abrasion Tester 


UNE, PROCEDURE e s ο ο ο 0 MIL. 0. eA 


Description of Yarn Tested 
Experimental Method 
General 
Tests for Abrasion Resistance 
Tests for Tensile Strength and 
Per Cent Size on the Yarn 


IV ο RESULTS ο ο o o o ac 6 9 9 9 9 9 o ο 


General 


Elongation 


Results of the Abrasion Resistance Tests 


Results of Tensile Strength Tests 
Resuits of Elongation Tests 


Results for Per Cent Size on the Sample Yarn 


Vo DISCUSSION OF RESULTS AND CONCLUSIONS e e e e e 


APPENDIX, 0 0 o o O O ο ο o o ο o ο a o o o 9 


BIBLIOGRAPHY, ο ο o ο 9 9 9 9 ο ο © 9 o o o o 


e ο e 9 9 9 


8 9 ο ο e o 


iii 


Page 
ii 


iv 


43 


20 


35 
38 
75 





Table 


15 


ue 


m. 


15. 


15. 


I7. 


LIST OF TABLES 


Weaveability and Abrasion Resistance. . e e ə æ ο ο ο 
Weaveability and Tensile Strength ο ο ο ο ο ο «ανα. 
Weaveability and’Elengationune «Ὁ some «mio «Me oDe 
Per"céent Size on Sample Ὑβγπβ ος δ.. Gee e 
Tensile Strength and Abrasion Resistance. e e e e ə > 
Raw Data for Abrasion Resistance in Cycles for Yarn A 
Raw Data for Abrasion Resistance in Cycles for Yarn B 
Raw Data for Abrasion Resistance in Cycles for Yarn C 
Raw Data for Abrasion Resistance in Cycles for Yarn D 
Raw Data for Abrasion Resistance in Cycles for Yarn E 
Raw Data for Abrasion Resistance in Cycles for Yarn F 


Raw Data for Tensile Strength (pounds) and Elongation 
(per wenb) ofen. AAA 2 3 s 


Raw Data for Tensile Strength (pounds) and Elongation 
(gérwesnt)oof YamH D. . . ο... κ... AAA. . 


Raw Data for Tensile Strength (pounds) and Elongation 
(per cent) of Yarn G ο ο 9 9 ο 9 9 e 9 9 9 9 o o o e e 


Raw Data for Tensile Strength (pounds) amd Elongation 
pemoc) of Yairi Desc o o caia. er rs ο - 


Raw Data for Tensile Strength (pounds ) and Elongation 
(per cent) of Yarn Bo 9 ο ο 9 9 ο 9 3 o ο 9 ο 9 ο 9 9 


Raw Data for Tensile Strength (pounds) and Elongation 
(δα οσπυ) aan Pia o oo OM. De. m AS. 


Frequency Distribution, Cumulative Frequency and the 
Calculation of the Average and Standard Deviation for 
the Abrasion Resistance of Yarn Å e o e o o o o è o o 


ia 


Page 
23 
27 
30 
32 
38 
D 
ho 
hl 
112 
113 


15 


46 


17 


A8 


19 


50 


51 





| 


αν. e 
LI 
= 
> E. 
o -— ag mE E 
αυ mE 
> + 
> 
= 





Table 


gio. 


195 


20. 


el. 


22, 


29. 


2h. 


2b. 


26, 


¿To 


29s 


aJa 


Frequency Distribution, Cumulative Frequency and the 
Calculation of the Average and Standard Deviation for 


the «Abrasinven Resietanee of Yam Be e on- e o e.o o 


Frequency Distribution, Cumulative Frequency and the 
Calculation of the Average and Standard Deviation for 
the Abrasion Resistance of Yarn Ce o e o 


Frequency Distribution, Cumulative Frequency and the 
Calculation of the Average and Standard Deviation for 


the Abrasion Resistance of Yarn De ο «e ὁ α e e ο 


Frequency Distribution, Cumulative Frequency and the 
Calculation of the Average and Standard Deviation for 
the Abrasion Resistance of Yarn Es. ο ο o o è o 


Frequency Distribution, Cumulative Frequency and the 
Calculation of the Average and Standard Deviation for 


the WMibrasvon ReeiStance™ar Yarn ΕΒ, «τ «ντ. δ. 


Frequency Distribution and the 
Average am Standard Deviation 
Seremeth of Tarn Ri. une 


Frequency Distribution and the 
Average amd Standard Deviation 
Sbnengsth.oP YaxeBe ge. .. «4 


Frequency Distribution and the 
Average and Standard Deviation 
Strength of YamCj«e ht... 


Frequency Distribution and the 
Average and Standard Deviation 
strength of Yarn D ο ο οἱ ὁ ο 


Frequency Distribution and the 
Average and Standard Deviation 
Strength of Yain EA es. 6 * . 


Frequency Distribution and the 
Average and Stamard Deviation 
Strength Of Yan fF Y... 5 » ο 


Frequency Distribution am the 
Average and Standard Deviation 
OE ERA a «ο... 


Calculation of the 
for the Tensile 


6 e 9 9 9 9 9 9 9 9 


Calculation of the 
for the Tensile 


Calculation of the 
for the Tensile 


ο o o ο e ο e a o 9 


Calculation of the 
for the Tensile 


ο o e 9 o 9 e 9 Φ € 


Calculation of the 
for the Tensile 


ο ® e o o 9 e e e e 


Calculation of the 
for the Tensile 


e 9 e e o e e e e e 


Calculation of the 
for the Elongation 


e e 6 e o 9 8 9 9 9 


Page 


52 


53 


5h 


55 


56 


57 


58 


9 


60 


61 


62 


63 








Table 


30. 


am, 


320 


330 


3h. 


35. 


36% 


3T. 


380 


39 


LO. 


Frequency Distribution and the Calculation of the 
Average am Standard Deviation for the Elongation 


of Yarn B 9 9 o o o 9 o © ο 9 9 


9 e ο o o e e 


Frequency Distribution and the Calculation of the 
Average and Standard Deviation for the Elongation 


om Yarn Cie qw. .493 QE 


Frequency Distribution am the Calculation of the 
Average and Standard Deviation for the Elongation 
of Yarn De o o e 9 9 9 9 9 9 9 9 © 9 9 o 9 9 9 9 9 


Frequency Distribution and the Calculation of the 
Average and Standard Deviation for the Elongation 
of Yarn Πο 9 9 e e 9 - 9 9 9 9 9 9 9 e e 9 9 9 o & 


Frequency Distribution am the Calculation of the 
Average and Standard Deviation for the Elongation 


of Yarn F 9 o 9 9 a ο e o o 9 e 9 9 3) 9 ο e e 


Cumulative Frequencies, in Per Cent, for the 
Abrasion Resistance of Yarn A (Cycles) . . . 


Cumulative Frequencies, in Per Cent, for the 
Abrasion Resistance of Yarn B (Cycles) . . à 


Cumulative Frequencies, in Per Cent, for the 
Abrasion Resistance of Yarn C (Cycles) e e à 


Cumulative Frequencies, in Per Cent, for the 
Abrasion Resistance of Yarn D (Cycles) e ə à 


Cumulative Frequencies, in Per Cent, for the 
Abrasion Resistance of Yarn E (070166) ο ο ο 


Cumulative Frequencies, in Per Cent, for the 
Abrasion Resistance of Yarn F (Cycles) ... 


o o o o ο 9 e e e e 


Page 


64 


65 


66 


67 


68 


69 


70 


TE 


T2 


13 


7h 





LIST OF FIGURES 


Figure 
1. The Effect of Per Cent Size on Warp Stops Per 
Meum HOWPIG uu. . ο ο ο à al et « ὁ a l 
c. @geizle Abrasion Testery . e a ace “S a ο... 
2a. Zweigle Abrasion Tester Without Test Yarns .... o 
3. Cumulative Frequency Curves for Abrasion Resistance. 


le 


Scatter Diagram for the Weaveability Plotted 
Against the Abrasion Resistance. . ο ο o è o o è o o 


Scatter Diagram for the Weaveability Plotted 
Against the Tensile Strength ο ο ο ὁ ο e ooe ο ο ο 


Scatter Diagram for the Weaveability Plotted 
Against the Elongation è FS š é oè è ¿bo o o o 


Val. 


10 


2l 


22 


28 


pul 





ὙΠ 


ABSTRACT 


In the weaving of yarn into cloth it is necessary to coat each 
warp yarn with a film of size to reduce the frictional forces between 
the yarn and loom parts to a minimum, There is no generally accepted 
method of evaluating the effects of friction on the weaving qualities 
of warp yarns in the laboratory. The tensile strength and elongation 
are not good measures by which to evaluate the weaving qualities; how- 
ever, it has been proposed that the abrasion resistance of the yarn 
would be a good method for evaluating the weaving qualities of a sized 
warp yarn, since a good correlation exists between the weaveabi lity and 
the abrasion resistance of the yarn. 

In the experimental portion of this study six different sized 
warp yarns from six different mills were tested for tensile strength, 
elongation and abrasion resistance. By using data obtained from the 
respective mills regarding the weaveability of the yarns and the physical 
characteristics of the yarn (tensile strength, elongation and abrasion 
resistance) a coefficient of correlation was calculated for the relation- 
ship between the yarn characteristics and weaveability. 

It was determined that a good correlation existed for the relation- 
ship between the tensile strength and weaveability; also, that a aaa 
relationship existed between the abrasion resistance am the weaveability. 
The experiments brought out that a poor relationship existed between the 
elongation and weaveability. 

It is the author's conclusion that although abrasion resistance 


could conceivably be a good method of evaluating a warp size, more work 








would be necessary to develop a method that would predict the weave- 


ability of a warp yarn, per se. 








CHAPTER I 


INTRODUCTION 


It is well known that in order to insure optimum weaveability under 
a given set of weaving conditions single warp yarns must be coated in- 
dividually with a size compound usually containing starch, gum, softeners, 
penetrants and preservatives. The starch produces a film on the yarn 
which binds the fibers on the surface of the yarn to the body of the 
yarn; this results in a smoother and stronger yarn which can be woven 
more efficiently, The gums are used in the size to toughen the starch 
film and to increase the resistance to abrasion which is encountered 
during the weaving process, Softeners are used to make the starch film 
pliable and flexible and also to counteract the resultant decrease in 
elasticity between the unsized and sized yarn, The penetrants are used 
to increase the ease of application and the preservatives are compounds 
to protect the yarn from mildew. The process of applying this size 
compound is known as slashing. Castle and Dawson (1) sum up the problem 
of sizing as follows: 
The perfect sizing treatment has yet to appear and so far 

there is little evidence of a determined effort to find it. 

It is unfortunate that this should be so, for although sizing 

is a palliative and not a cure for bad yarn, it should be more 

generally realized that the loom efficiencies of bad warps can 

be increased by as much as 15 per cent by modifications of 

treatments previously considered suitable. 

A perfect sizing treatment should cover the yarn uniformly 
with a smooth, thin, strong and flexible film of excellent 


binding properties, should be very resistant to abrasion in 
the loom, and preferably should have sufficient surface 





lubrication to reduce friction against loom parts toa 
minimum. That is the ideal, but to come within measurable 
distance of realizing it means exploring such fields as 
synthetic organic chemicals am double bath processing. 
This in turn will involve in all probability, revision of 
generally held opinions on sizing costs, and reconsider- 
ing them in relation to increases in loom efficiency and 
not as separate items. 


A very real snag, of course, in the development of new 
sizes is the problem of evaluation. Laboratory methods 
are useful, but at most they can serve only to eliminate 
obvious failures. The real test is in the loom. Here 
again the many variables that enter into a systematic as- 
sessment of loom efficiency complicate the evaluation of 
a trial sizing and are apt to act as a deterrent. Devel- 
opment work has to be systematic and the comparatively 
slow rate of progress enforced by work conditions makes 
a heavy demand on the patience of the weaver whose out 
look is governed by production needs. These reasons are 
no doubt largely responsible for the slow development of 
sizing, but once the definite advantage given by improved 
methods is apparent, then the necessary stimulus is given 
to proceed with further work despite the temporary in- 
convenience am cost to the weaver. 


It is apparent from the above that a laboratory method of evaluat- 
ing the effectiveness of sizing on warp yarns would be of immeasurable 
assistance to the weaving process. Kenk (2) says, "It should be possible 
to test the sizing effect with objective methods in order to choose the 
most effective sizing materials and additives." He goes on to say that 
the increase in breaking strength is often used as a judgement of sizing 
effect but that large scale tests have shown that a high increase in break- 
ing strength is not always indicative of good weaving properties. Kenk (3) 
also states that, "Elongation would be a better measurement, However, 
there are also many cases in which high elongation occurs along with poor 
weaving properties." So a true evaluation of sized yarn cannot be obtained 
from the breaking strength or the elongation, and that only a partial test 


is obtained o 








From a close observation of the weaving process it is apparent that 
the warp yarns are subjected to a great deal of abrasion from the action 
of the drop wires, heddles and reed. It is the starch film of the size 
compound that must resist this abrasion am it follows that a measurement 
of this abrasion resistance might well be a measurement of size efficiency. 

Brown (h) lists the causes of warp breaks as (1) knots, (2) im- 
purities, (3) soft yarn, (lh) unknown, (5) abrasion, (6) twisted ends, and 
(7) taped ends, He further attributes the warp breaks due to abrasion, 
soft yarn, twisted ends ani taped ends to poor sizing, His experiments 
show that 214.7 per cent of all warp breaks may be attributed to poar siz- 
ing, of which over half or 13 per cent is due to abrasion. Knots account 
for 20,8 per cent, impurities for 13 per cent, and unknown for 40.8 per 
cent of all warp breaks, It can be seen from these experiments, since 
slightly over half of ali warp breaks due to sizing can be αν σενα το 
abrasion, that the abrasion resistance of the sized yarn and the weave- 
ability of that yarn should make a correlation possible. 

Stallings and Worth (5) and Kenk (6) have shown that abrasion tests 
of yarn can be translated to mill results with a certain degree of assurance. 
They, however, did not attempt to establish a correlation coefficient for 
the resulting correlation. 

Baines amd Steiger (7) found that the weaveability of a warp varied 
as a function of the per cent size on the warp. Figure lis the result 
of their work along this line. "The object in this case was to determine 
under what conditions the best weaving would be obtained, using a size 
composed of 90 pe» cent dry sago starch and ten per cent tallow, the cloth 
being the L9% ino 2 o. o » o Five beams (or half a set) were made at each 


of four size concentrations ranging from l,5 to 8,0 per cent." The 
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concentrations, naturally, resulted in a different percentage size on the 
warp which was determined by the malting method. The warp breaks were 
counted through out each beam by the coloured thrum method. There was a 
total of 1,250 running hours of weaving at each concentration. 

Bai.nes and Steiger (8) also found that, "Undersizing has been rare 
in this mill, the tendency having been always in the other direction." 
This tendency seems to be found in practically all slashing operations. 

The purpose of the study included in this work was to determine 
what correlation exists between the three yarn characteristics (tensile 
strength, elongation and abrasion resistance) and the weaveability of the 
same yarns. The coefficient of correlation will be established by the 
Product Moment Method of rear T 

The coefficient of correlation is a measure which describes the 
functional relationship between two variables. Other measures that fix 
the same relationship are the estimating equation and the standard error 
of estimate; however, both these measures have the disadvantage of being 
expressed in the units of the original data and also, that the equation 
for the line of estimate be known, For this study the original data for 
the two associated series will be in different τ. in each case. It 
is desired to state the degree of this relationship in concise numerical 
terms which are independent of the units of the original data, and since 
the coefficient of correlation is independent of the units of the original 
data it is apparently a better choice. (9) 

The coefficient of correlation is a number varying from plus one, 
through zero, to minus one. The sign indicates whether the slope of the 
line cf relationship is positive or negative, while the coefficient in- 


dicates the degree of correlation. When there is absolutely no relationship 





between the variables, the coefficient of correlation (r) is zero. 

It has been attempted in this study to take the test results for 
the yarn characteristics am correlate them with information pertaining 
to weaveability as collected from the mill furnishing the test yarns. 
This results in a coefficient of correlation that is capable of being 


compared with the other coefficients. 





CHAPTER II 
INSTRUMENTATION AND EQUIPMENT 


Two major pieces of textile testing equipment were utilized in 
the experimentai portion of this work. One was the Suter Single Strand 
Tester; amd the other was an abrasion tester manufactured by K, Zweigle 
of Reutlingen, Germany. In addition, a de Khotinsky drying oven and a 


Christian Becker Chainomatic Balance were used. 


Suter Single Strand Tester.--This instrument simply determines the break- 
ing strength and elongation of a yarn, It is a low capacity, vertical 
pendulum type instrument, and it is a standard piece of testing equipment 
found in most textile testing laboratories. A complete description of 
the instrument is given in Haven's "Industrial Fabrics Handbook," (10) 

The capacity of the single strand tester depends on the size of 
the weight that is attached to the pendulum, If no additional weight is 
attached to the pendulum the breaking strength capacity is a maximum of 
500 grams; if the two-pound or twelve pound weight is attached to the 
pendulum the breaking strength capacity is a maximum of two or twelve 
pounds respectively, The allowable capacity of the machine is considered 
to be the dial readings included between nine and forty five degree swing 
of the pendulum. 

There are two precautions necessary when testing with the single 
strand tester: (a) the speed of the lower jaw must be twelve plus or 


minus one sixteenth inches per minute am (b) specimens that break within 





one-half inch of the jaws should be discarded. (11) If these precautions 
are observed in operating the single strand tester, the resultant break- 
ing strength will be as accurate as can be obtained on this type of an 


instrument, 


Zweigle Abrasion Testero--This test instrument is new to the family of 
textile testing equipment. Up until the introduction of the Zweigle 
Tester the existing abrasion testers for yarns all had the disadvantage 
of abrading two or three test yarns at one time. Tests, with these in- 
struments, therefore, did not permit the rapid determination of results. 
Fig. 2 and 2a shows the new abrasion tester. Twenty yarns or five strips 
of material (5 cm. wide) can be tested on this machine at the same time. 
The functioning of the instrument is as follows: A cylinder, which 
is wrapped with an abrasive paper, moves horizontally in a straight line 
with a back am forward stroke of about eight centimeters. This cylinder 
is underneath and in contact with the yarn that is being tested. The 
material being tested determines the fineness of the paper to be used upon 
the cylinder, For example: for yarn number hO am finer the grain should 
be 500A and for lower numbered yarn the paper should be correspondingly 
coarser. The cylinder, by the action of a ratchet am pawl arrangement, 
rotates about its own axis and in this way a fresh abrasive surface is 
continually present. A complete rotation is made for every twenty hori- 
zontal strokes of the cylinder. This is particularly important because 
in tests which last a long time or on material which is gumy or contains 
wax or fat, such as sized yarns, the abrasive surface of the paper would 
become filled with small particles of fibers, waxes or fats if the surface 


was not changed, thus, causing a corresponding change in the abrasive 
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effect, The abrasive paper is easily changed. 

On the back side of the instrument is a clamp for holding the yarns 
in a fixed position. Farther back toward the rear of the instrument there 
are twenty nipples around which individual yarns are secured until all of 
them can be clamped in position. The yarns extend from the clamp over 
the abrasive cylinder to the front of the instrument where they are in- 
dividually tied to one of the twenty weights which are near the bottom 
front of the machine. 

The cylinder is driven by a small electric motor which is equipped 
with a small resistance control. This permits the speed of the abrading 
cylinder to be varied from 60 cycles per minute (a complete stroke back 
and forth) to 80 cycles per minute. It is also equipped with a counter 
so that the cycles to break for each end may be easily recorded. 

For testing sized yarns, three lengths of yarn of about h0 centi- 
meters is tied to one of the weights. This results in three ends of the 
yarn of about 0 centimeters being tied to each weight. To thread the 
instrument, one end from each weight is drawn across a guide rod on the 
front of the machine, across the abrasive cylinder and across the clamp 
to the nipples on the back of the machine where they are securely fastened. 
The clamp is secured by means of two winged nuts and th set of yarns is 
then ready to be tested. 

After the twenty yarns have been threaded in this manner, the motor 
is turned on and the abrasive paper then rubs along the umerside of the 
yarns. As soon as the yarn has been abraded to the extent that it will 
no longer support the weight, the weight falls, striking a plate. When 


the weight strikes the plate the resultant "bing" calls the attention of 





12 


the operator to read the counter, which is attached to the abrasive 
cylinder, and record the number of cycles made by the instrument prior 
to the end breaking. The machine runs continuously until all twenty 
ends have been broken and the number of cycles necessary to break each 
end ascertained and recorded. 

After the first twenty yarns have been tested a second yarn of 
the original yarns on each weight is laid across the abrasive cylinder 
of the instrument as previously described and tested. The cycles necessary 
to break each end recorded in the same manner as with the first yarn, This 
is repeated for the third yarn. 

The clamp and the rod across the front of the machine on which the 
yarns are laid have 60 notches with which to hold the yarn in position. 
On the first set of twenty yarns they are laid in notches 1, l, 7, 10, etc.; 
on the second set they are laid in notches 2, 5, 8, ll, etc.e; and on the 
third set they are laid in notches 3, 6, 9, 12, etc. This allows all three 
sets to be run without moving or replacing the abrasive paper. In this 
manner, as many as nine abrasion tests can be carried out without replac- 
lng the abrasive paper, Care must be taken to lay each yarn in the same 
notch in both the clamp and rod. Should this not be done, the abrasive 
cylinder would present a greater surface to the test yarns, thereby, caus- 


ing the abrasive effect to be increased, 
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CHAPTER III 


PROCEDURE 


The initial problem to be solved in this study was to determine 
the number of different test yarns necessary to indicate a trend, if one 
existed. It was decided that six sized yarns which had as nearly the 
same physical characteristics as possible be chosen with the hope that 
an indication of a trend would be present. It was necessary that each 
of the different yarns be sized with an entirely different size formula; 
and for each yarn the weaving qualities must be known. Therefore, to 
satisfy these factors it was necessary to procure each of the sample 
yarns from a different mill, since individual mills use approximately 
the same size formula for all the yarns used, This fact created a dif- 
ficult problem in the procurement of test yarns and was the reason for 
the small number of samples, In the process of procuring the yarns six 
mills that were weaving warp yarns of about the same counts possessing 
the same general physical characteristics were contacted and ample yarns 
for the tests were supplied. 

The yarns used in this problem were all taken from the warp beam 
from which they were being woven just after the beam's removal from the 
loom. In other words, the sample yarns were from the tail-end of a warp 
that had been actually woven. All figures on the weaving characteristics 
and physical properties were taken as being the best mill average for the 


part of the mill running the particular yarn used in this worko 
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Four of the yarn samples procured were 16's counts am the other 
two were 15's and 17's respectively, Five of the sample yarns had 
characteristics that were not significantly different; however, for the 
sixth sample yarn (the 15's), although all other characteristics were 
about the same as the 16's am 17's yarn, the break factor was con- 
siderably higher, 

The weaveability of the yarn samples was accepted as being the 
number of warp stops per loom hour, and for the six yarn samples it 
ranged from 0.32 warp stops per hour (the best weaving) to 2.33 warp 


stops per hour (the poorest weaving). 


Description of Yarn Samples Tested 
Ihe following is a description of the six sample yarns used in 
this work. All the yarn characteristics and weaving properties pertinent 


to this problem are enumerated, 





Description of yarn sample A. 


Yarn counts 
Twist per inch 


Size formula 


Yarn strength 
Break Factor 

Fabric construction 
Loom efficiency 


Warp stops per loom hour 


Description or yarn sample Βο--- 


Yarn counts 
Twist per inch 


Size formula 


Yarn strength 
Break Factor 

Fabric construction 
Loom efficiency 


Warp stops per loom hour 


15 


15's 
18.6 
1,0 gallons finish 
10 pounds starch 
(Victor Mills 60) 
13 pounds Hoaghton 30 
103 gallons of water 
160-163 pounds (skein) 
230 
391_),3x136-1.90 
9% 


0.32 


16's 
17 
220 gallon finish 
200 pounds Pearl starch 
16 pounds Texol 82 
2 pounds Soft CX 
l pound Diocide Pellet 
2 pounis lülwax 
122 pounds (skein) 
1952 
39"-1,8x1,8-2 .85 
92% 


0.35 





Description of yarn sample C.— 


Yarn counts 
Twist per inch 


Size formula 


Yarn strength 
Break Factor 
Fabric construction 
Loom efficiency 


Warp stops per loom hour 


Description of yarn sample D.— 


Yarn counts 
Twist per inch 


Size formula 


Yarn strength 
Break Factor 

Fabric construction 
Loom efficiency 


Warp stops per loom hour 


is 
JC 7 
218 gallons finish 
200 pounis Pearl starch 
20 pounds WVeavewell, L.5. 
number 8 compound 
l pint kerosene 
(Homogeni zed ) 
118 ρουπᾶς (skein) 
2006 
53Η..96χ60--]1ο12 
92% 


0.143 


16's 
2 
315 gallons finish 
300 pounds starch 
35 pounds Seyco #18 
8 pounds wax 
(Homogenized ) 
120 pounds (skein) 
1920 
521..81x36-1,59 
85% 


0077 





Description of yarn sample E.—— 


Yarn counts 
Twist per inch 


Size formula 


Yarn strength 
Break Factor 

Fabric construction 
Loom efficiency 


Warp stops per loom hour 


Description of yarn sample F.— 


Yarn counts 
Twist per inch 


Size formula 


Yarn strength 
Break Factor 

Fabric construction 
Loom efficiency 


Warp stops per loom hour 


17 


16's 
19.0 
175 gallons finish 
175 pounds Pearl starch 
20 pounds \Teavevell 
10 pounds emulsified wax 
129 gallons water 
117 pounds (skein) 
1872 
56"—103x66-1 1) 
86% 


0.8 


16's 
20.3 

300 gallons finish 

260 pounis starch 

26 pounis Disco Tallow 

120 pounds (skein) 

1920 
81 —78x3h—1 55 

87% 


2033 
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Experimental Method 


General.--All of the testing, with the exception of the desizing, was 
conducted in a laboratory equipped with an air conditioning unit which 
conditioned the atmosphere to the standard conditions of 65 per cent 
relative humidity and 70 degree Fahrenheit, (12) A11 yarn samples were 
allowed to become conditioned to the standard condition by remaining in 


the laboratory at least twenty-four hours prior to testing. 


Tests for Abrasion Resistance,——A11 tests for abrasion resistance were 
conducted at standard conditions on the Zweigle Abrasion Tester described 
in Chapter II, Since a 500A grit abrasive paper is recommended for a 
O's and finer count yarn, it was necessary to use a coarser paper to 
dorade the 15's, 16's am 17's yarn used in this problem. Several 
different papers having different grit (from 300 to 500) were tried and 
it was found that a lOO grit paper gave a resultant abrasion resistance 
with a range from approximately 100 to 1,000 cycles and an average of 
around 100 cycles for this count yarn. Therefore, an abrasive paper of 
00 grit was used to abrade all six yarn samples used in this problem, 

The abrasion tester was run at 80 cycles per minute for all 
samples. 

The instrument was set up by tying three ends of about twenty 
inches in length to each of the twenty weights of the machine. One yarn 
from each of the twenty weights was then laid across the abrasive cylinder 
as described in Chapter II. The yarns were abraded until all the ends 
had broken, at the same time recording the number of cycles necessary to 


break each end. After all twenty ends had broken the remaining yarn fron 
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the broken ems was removed and another end from each of the weights was 
laid across the abrasive cylinder and abraded in the same manner as before. 
After the third end from each weight had been abraded and the results 
recorded another three ends were tied to the weights and the process re- 
peated, This was done four times for each sample, consequently, 120 

ends were abraded for each sample of yam. From this data the average 
numer of cycles necessary to break the yarn was calculated. In addition, 
the standard deviation was calculated and a cumulative frequency table 


and curve was prepared for each of the sample yarns. 


Tests for Tensile Strength and Elongation.—-One hundred ani twenty ends 


were taken from the individual yarn samples and broken using a Suter 
Single Strand Tester described in Chapter II, A ten-inch jaw distance 
was used for all break tests, The testing precautions mentioned in 
Chapter II were observed. 

The tensile strength and elonzation were recorded for each valid 
break; and the average, standard deviation, ani range were calculated for 


each yarn sample, 


Per Cent Size on the Yarn.—The per cent size on each of the warp yarn 
samples was determined by the alkali~acid method as outlined by the ASTM 


Standards on Textile Materials (D 33-0). (13) 
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CHAPTER IV 
RESULTS 


General.—All the results of the experimental portion of this study have 
been tabulated and prepared in table form and are included either in the 
text or in the appendix of this report. All the statistical calculations 


were accomplished by the short method for grouped and coded data. (11) 


Results of the Abrasion Resistance Tests.—The original data for the 
abrasion resistance tests are included in tables 5 through 10 in the 
appendix. Tables 17 through 22 in the appendix gives the frequency dis- 
tribution, the calculation of the mean and the standard deviation, and 
the comulative frequency for the abrasion resistance of the six sample 
yarns tested. 

To calculate a coefficient of correlation r between the weave- 
ability and the abrasion resistance it was necessary to find a number 
that would describe both parameters adequately, As previously mentioned 
the warp stops per loom hour give a fair estimate of the weaveability in 
terns of the weaving qualities of the warp. To describe the abrasion 
resistance two numbers were available; the arithmetic average and the sum 
of the cumulative frequencies.” The arithmetic average does not take in- 
to consideration the deviation from the average, whereas, the sum of the 
cumulative frequencies gives an index number that describes the abrasion 


*Cumulative frequency refers to the total number of ends that 
broke at less than any specified number of cycles. 





ei 


resistance and also allows for the deviation from the average. This is 
an inverse relationship, or in other words, the higher the number the 
smaller the abrasion resistance, Figure 3 shows the cumulative frequency 
curves for the six sample yarns. Table 1 lists the weaveability (X) and 
the abrasion resistance (Y) for the six individual yarns. Figure l shows 
the scatter diagram for these six points when the weaveability (X) is 
plotted against the abrasion resistance (Y). The coefficient r, calcu- 
lated by the product moment method (15), is calculated as follows: 

To calculate the coefficient of correlation by the product moment 
method it is necessary to know the sum, the sum of the squares am the 
sum of the product of the weaveability (X) and the abrasion resistance 
(Y). This information is given by table 1. The formula for calculating 


the coefficient is 


πι. PE ! 


σε Gy 


Where, for ungrouped data 


p. EcGr) - (EL EN 





* Y - coefficient of correlation. 


ἘΣ Pz product moment. 


365454 


"-"- O= standard deviation of [6]. 
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(6) ADNAND3SYS SAILVINWND 





Yarn No. 


τ 5 


u$ B 0-1 


TOTALS 


Table lo. Weaveability and Abrasion Resistance 


Weaveabili ty 
(warp stops per 
loom hour) 
(Y) 
0.32 
0.35 
0.43 
0.77 
0.8) 


2033 


5 Ok 


(12) 


0.102) 
0.1225 
0.1819 
0.5929 
0.7056 
5.1289 


701372 


Abrasion 
Resis tance 


(Cycles) 

(x) 
11,88 
1500 
1599 
1532 
11196 
1766 


9381 


(x?) 


2,21l, ih 
2,250,000 
2,556,801 
2,317,021 
2,238,016 
3,118,756 


14,724,741 


23 


(XY) 


176.16 
525.00 
687 057 
1,179 64 
1,256 6) 
1,115.78 


03 229 919 








WEAVEABILITY (WARP STOPS PER LOOM HOUR) 


2:5 


2.0 


1.0 


0.5 


1400 


puxeure 4, 


1500 1600 1700 
ABRASION RESISTANCE INDEX 


Scatter Diagram for the Weaveability Flotted Against 
the Abrasion Resistance. 
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Therefore 


¿ 823979 . 2301 £ 506 e 
P = wc ne X “Ὁ = 59.96 


i ee _ 
V c - (52) * os 


2 2 
UL Tal, u E (2384) - 97.93 





3 


xl 


59.96 
97.93 x 0.6956 


In order to determine whether or not an observed correlation is 
significantly greater than zero, a procedure may be used which is applic- 
able to both large am small samples. This method consists in computing 
the valve of t from the expression 


ts EZ. (16) 
Vi-r 


Then by consulting a table of t values, which refers to the values of t 
and n (nz N - 2), it can be determined how many times in 100 a sample 
drawn from a population with zero correiaticn would result in a correla- 


tion coefficient as high as that actually obtained. 


"σ᾽ = standard deviation of (Y). 


RL „ ratio of a statistical measure which is distributed normally 
around a mean of zero to an estimate of the standard error of that measure 
based on the number of degrees of freedom present. 
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0.88 Y h 
= === m 3.495 
v1 = T7 


t 


Now from the t table (17) it was ascertained that there is slightly less 
than three chances in 100 (P - 0,0278) that a sample drawn from a popula- 
tion with zero correlation would result in a coefficient of correlation 
r as high as that obtained (0,88). Since this chance is rather small the 


correlation is assumed to be significant, 


Results of Tensile Strength Tests.—The original data for the tensile 
strength tests are included in tables 11 through 16 in the appendix. 
Tables 23 through 28 in the appendix gives the frequency distribution and 
the calculation of the average and standard devíation for the tensile 
strength for the six individual sample yarns., A coefficient of correla- 
tion for the relationship between the tensile strength and the weave- 
ability was calculated in the same manner as the coefficient of correla= 
tion for the abrasion resistance. 

The data necessary to make this calculation are included in table 
2. Figure 5 gives the scatter diagram for the weaveability plotted against 
the average tensile strength, The calculations for the cosfficient of 


correlation r was accompiished as follows: 





*This relationship is inverse. The higher the tensile strength 
the lower the warp stops per loom hour. 








Yarn No, 


1 Dt Ὁ a Ww S 


TOTALS 


Table 2. Weaveability and Tensile Strength 


Weaveability 
(warp stops 
per loom 


0.32 
0.35 
0.43 
0.77 
0.8) 
2235 
5.01 


T) 


0.102} 
0.1225 
0.1819 
0.5929 
0.7056 
5.4289 
Ae 


Tensile 

Strength 

(Pounds ) 
(x) 
1.46 
1.28 
l3 
1.24 
1.20 
1.15 


7.70 


(x?) 


2,1386 
1.6381, 
1.8769 
1.5376 
1.1400 
1.3225 
9.9170 


cf 


(XY) 


0.672 
0.11480 
0,5891 
0,9518 
1.0080 
2.6795 
6.1166 








WEAVEABILITY (WARP STOPS PER LOOM HOUR) 





1.10 1.20 1.30 1.40 1:30 
TENSILE STRENGTH (POUNDS) 


Figure 5. Scatter Diagram for Weaveability Plotted Against 
Tensile Strength. 
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Q^ = 0.6956 (From the calculations for 
y abrasion resistance) 


rig nn T, 
0.6956 x 0.10) 


To test for significance 


"EM n 


= m ——— Ν 3.598 
V1 - 0.5776 


From the t table (18) it was ascertained that there is slightly less than 
three chances in 100 (P:0,0216) that a sample drawn from a population with 
zero correlation would result in a coefficient as high as that obtained 


(-0.76). Therefore, the coefficient is assumed to be significant. 


Results of Elongation Tests.--The original data for the elongation tests 
are included in tables 11 through 16 in the appendix. Tables 19 through 
34 in the appendix gives the frequency distribution ard the calculation 
of the average and standard deviation for the elongation of the six sample 
yarns κα 

The coefficient of correlation for the relationship between the 
weaveability and elongation was calculated in the same manner as the 
coefficient of correlation for both the abrasion resistance and the tensile 
strength, The data required to make this calculation are included in table 
3. Figure 6 gives the scatter diagram for the weaveability plotted against 
the elongation. The calculation of the coefficient of correlation r was 


accomplished as follows: 


6 5.00 ο 5 
"ασ A omes 
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Table 3. Weaveability and Elongation 


Yarn No, Weaveability Elongation 
(Warp stops (Per Cent) 
per loom hour) : 5 
(X95 (X) (χε) (XY) 
A 0.32 0.102 5.51 30.36 1.76 
B 0.35 0.1225 175 22.56 1.66 
σ 0.43 0.1819 11,05 16.40 E 
D DE 0.5929 TAI) 20.16 O 
E 0.8); 0.7056 lel 17.98 ES 
F 2.33 5.4289 hell 19 ol; 10.28 


TOTALS 5.01 701372 27.45 126 .90 22.16 





WEAVEABILITY (WARP STOPS PER LOOM HOUR) 


2.0 


5 
© 


4.00 


Figure 6. 





4.40 4.80 5.10 5.30 5.50 
ELONGATION % 


Scatter Diagram for Weaveability Plotted Against Elongation. 
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ο... 


" 


0.6956 (Same as for abrasion resistance) 


p 15 gl MDC 


0,6956 x 0.1123 ` 


To test for significance 


> 0.38 h 
t= O AMAN 


- 0.812 


From the t table (19) it was found that there were from 0 to 50 chances 
in 100 that a sample drawn from a population with a zero correlation 
would result in a coefficient of correlation r as high as that obtained 
(-0.38). Therefore, it is assumed that the resultant correlation is not 


Significant. 


Results for Per Cent Size on the Sample Yarns.—Table lh gives the results 


for the tests to determine the per cent size on each of the sample yarns. 


Table ho. Per Cent Size on Sample Yarns 





Yarn No, $ Size $ Size Total Average % Error 
Run 1 Run 2 
A eS 15405 27.50 13475 2.90 
B 16.32 15,32 31.64 15,82 5,53 
C Jen 14889 -28.82 Uy 0111 0.14 
D η 14276 28.50 114.25 2 0119 
E 13.91 12 «30 26.21 13.10 6 ol 
F 15.09 15.22 3081 15.15 0.76 


NOTE: (1) This includes the natural waxes am fats contained in the raw 


cotton. 


(2) Per cent error = 


% Size Run 1 — % Size Run 2 


% Size Run 1 % Size Run 2 





33 


The Calculation of the Coefficient of Correlation between Tensile Strength 


and Abrasion Resistance.—-The information necessary to make this calcula- 
tion was taken from table ha. For the purpose of calculating the coefficient, 


X will represent the tensile strength and Y the abrasion resistance. 


Table lia, Tensile Strength am Abrasion Resistance 


Tensile Abrasion 
Yarn No. Strength Resistance 
(Pounds) : (Cycles) 
(x) (x?) (Y) (15) (xx) 
A 1.46 2.1316 11,88 2,22, ul» — 217228 
B 1.28 1.6381, 1500 2,250,000 1920.00 
C 1.37 1.8769 1599 2,556,801 2190.63 
D 1.2h 1.5376 1532 2,347,024 1899.68 
E 1.20 1.1100 1196 2,230,016 1795.20 
F 1.15 1.3225 1766 3,118,756 2030.90 
TOTAIS 7.70 9.917 9381 . 1h,72h,7hl 12,008.89 


P = 12,008.89 -(22) 3@) MT" 


Ox = a (139)* = 0.104) 


6 
2 
_ 4/ 24,720,702 - (9381\" _ 99. 
gy = y at ( 2) - 97.9318 
MI 000. -0.485 


97.9315 x 0.10hh 


To test far significance 


il 0.1856 - 2 
~ 4/1 = (0.485)? 


= 1.1106 
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From the t table (20) it was found that there were from 30 to lO chances 
in 100 that a sample drawn from a population with a zero correlation would 
result in a coefficient of correlation as high as that obtained (-0.185). 


Therefore, it is assumed that the correlation is not significant. 
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CHAPTER V 
DISCUSSION OF RESULTS AND CONCLUSIONS 


It was stated in Chapter I that the purpose of this study was to 
determine the relationship between the weaveability and the three yarn 
characteristics (tensile strength, elongation am abrasion resistance) 
of sized warp yarns. Also, the hypothesis was made that abrasion resis- 
tance could be used as a laboratory method of evaluating sized warp yarn, 
should a definite correlation exist between the weaveability and the 
abrasion resistance, This study has attempted to establish this correla- 
tion by using yarns ard data from local mills, 

The results show a definite correlation between the weaveability 
and both the tensile strength ard abrasion resistance; however, there is 
little indication of a correlation between the weaveability and the 
elongation. 

It is well established that the relationship between the weaveability 
and both the tensile strength and elongation is not such as to warrant 
their use as a method of evaluating warp sizing. From the results obtained 
in this study a good relationship was found to exist between the weave- 
ability and tensile strength (0.76); and a poor relationship was foum to 
exist between the elongation and the weaveability (0.38). This is not in 
accord with most authorities, since they agree that elongation should be 
the better measure to evaluate the weaveability of a sized yarn (see p. els 


Chapter I). 
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The correlation between the tensile strength and abrasion resis- 
tance (-0,1,85) was found to be poor and not significant. On this basis 
it is assumed that tensile strength and abrasion resistance are two in- 
dependent variables. 

The relationship between the weaveability and abrasion resistance 
(0.88) obtained as a result of this experiment was only slightly better 
than that obtained for the relationship between weaveability and tensile 
strength (0.76). Both of these relationships are statistically significant. 
In Chapter I it was stated that tensile strength or elorgation was not a 
good measure for evaluating warp size and since there is no appreciable 
difference in the relationship between weaveability and tensile strength 
and the relationship between weaveability and abrasion resistance it can 
be concluded that either insufficient samples were used in this attempt 
or that the abrasion resistance of a sized warp yarn is not a good measure 
for the evalvation of a warp size, per se. 

However, the above may be qualified by the fact that although the 
poorer weaving yarn (Yarn F) was not significantly poorer in tensile 
strength or elongation, it was considerably poorer in abrasion resistance, 
This is not easily explained. The results of tests for determination of 
the percentage size on the yarn does not indicate that the amunt of size 
would give such a trend. It was thought that penetration could give a 
clue to the solution; however, due to the non=uniformity of the yarn, it 
was not possible to establish this relationship. In considering the type 
of size formula used on the yarns it is apparent that the yarn that has 
the poorest weaveability and also the poorest abrasion resistance (Yarn F) 


was sized with an unmodified starch; whereas, the other yarns were all 


am 


either sized with a pearl starch or the starch was homogenized. This is 
an indication that penetration could have caused the difference in both 
the weaveability and the abrasion resistance, 

It can, therefore, be —— that abrasion resistance can con- 
ceivably be a method of evaluating a warp size in the laboratory, however, 
considerable work is still to be done to adequately develop a method that 


would be acceptable to the textile industry. 




















Table 5. Original Data for Abrasion 
Resistance in Cycles for Yarn A 


Run 2 Run 3 Run |; Run 5 
169 118 19} 

177 184 292 

203 219 302 

227 2l. 313 

270 299 387 

280 323 362 

286 339 11,6 

300 30 1187 

312 35} oh 100 
318 370 513 

356 305 554 

307 381 559 

389 396 654 

390 1138 660 

405 1168 668 

1136 1,80 670 

μμ] 1191 674 

1,150 519 692 

1185 601 7h 


540 630 03m 





Table 6. Original Data for Abrasion 
Resistance in Cycles for Yarn B 


Run 2 Run 3 Run h Run 5 
118 103 11 132 
16), 131 11,1 139 
183 2117 161 119 
230 271 181 165 
215 310 185 169 
28]; 356 188 174 
330 366 234 189 
355 368 253 219 
383 389 32h 322 
hol, 391 330 347 
411 1,01 356 354 
1,20 1134 387 355 
ly? 460 399 1109 
11117 1167 118 1,20 
“sh 5H 1121 1,60 
1163 545 1136 470 
531 609 510 636 
666 635 677 655 
158 6147 867 671 


πο 





Table 7. Original Data for Abrasion 
Resistance in Cycles for Yarn C 


2 Run 3 Run h Run 5 
2m 157 3mm 
19 189 32h 
227 201 376 
233 202 378 
2113 20h 380 
270 209 392 
277 219 1126 
299 22) hl 
299 217 1,8 
302 307 1151 
30} 308 1156 
317 325 1189 
310 331 1198 
382 338 518 
395 350 561 
1138 380 562 
506 390 563 
517 lu 58h 
617 1160 683 
729 1195 719 


hi 





Table 8% 


Run 2 


162 
169 


288 
e 


696 


Run h 


Original Data for Abrasion 
Resistance in Cycles for Yarn D 


lj? 








Table 9, 


Run h 


158 
199 


262 
274 


636 


Original Data for Abrasion 
Resistance in Cycles for Yarn E 


5 


Run 6 


168 
196 
209 
267 
272 
327 
328 
310 
355 
370 
387 
39h 


1160 
1163 
öl, 
532 
617 
672 
701 


Table 10, 


Run 3 


19 


8) 
IR 


138 
137 
11,7 


166 
181 
18h; 
208 
222 
254 
269 
18h 
512 
700 
99, 


Run |; 


308 
3a 


637 


Original Data for Abrasion 
Resistance in Cycles for Yarn F 


Run 5 


hl 


11h 
122 


15h 
195 
2014 
219 
221 
259 
262 
291 
301 
312 
1116 
1133 


1,81 
55h 


hh 





Test No. 


vo Ον νι” ο mn -! 


10 


Table ll. 


Το Se 


1.5. 


Original Data for Tensile Strength 
(pounds) am Elongation (per cent) of Yarn A 


Elongation 


6.75 
6.25 
5025 
5.50 
5 050 
6.50 
6,00 
6075 
6.75 
5.50 
6.00 
5.00 
6.75 
6.00 
5.50 
5075 
6.00 
6,00 
6,00 
6.25 


9 9 ο 


c 


o 


o 


O O I9 I0 OVAVA O V 
 OGwuwuwuooodOÓo 


ο 


O OA OVL ONONONONON 
o 


o 


5050 


ON NLRs 
ο ο ο 5 
OVNI © 
O OV O 


6,00 


EEES 
9 o 

ἯΙ no Qo 
OVI O 


5.50 


To Ss 


un 
1.65 
1.38 


Elongation 


7.50 
5.50 
5.75 
OSEE 
6.75 
5.00 
5.50 
6,00 
6,00 
5075 
6.25 
6,00 
1.75 
5.00 
1.75 
5.00 
6,50 
1; ¿50 
L 50 
5050 


5.50 
6,00 


FOE. 


T. s 


1.45 
1,26 
1.34 
1.455 


1.28 


5.75 
1,475 
552 
5.75 
5.50 
5.25 
5875 
5.00 
6.25 
6.00 
11.25 
1.50 
11075 
5.25 
5.00 
5850 
Solo 
5.50 
5.00 
6.25 


l5 


Elongation 





--- 
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Table 12. Original Data for Tensile Strength 
(pounds) and Elongation (per cent) of Yam B 


Test No. Ts. Se Elongation Ίος. Elongation TS. Elengatión 


1 1,25 1,75 1.15 1; ,00 1285 1075 
2 1.31 5.75 1.5} 6,25 οδό 3.25 
3 1.21 1,00 1.03 3.50 1.32 11.25 
h 1.23 ly 25 1.35 5.25 1,20 1.50 
5 tags 5.25 1.415 ly ¿50 1.33 5.00 
6 Lely 5.25 1 0116 5,00 1.20 1,00 
T 1.38 5.50 1235 5.50 lelh 5,50 
8 1.33 5.50 1.32 1.75 1.12 475 
9 0.80 2.75 1.54 5.25 1.12 5.00 
10 1.34 5,50 E 1.75 1437 5.25 
11 LO 5,00 1.09 1.00 Tas 5,00 
12 12287 5,00 1.09 1, ¿00 1.19 1.00 
19 e . l4 50 1.50 5.50 0.97 3% 15 
1), 1.32 5.00 1.30 1,50 0.98 11.00 
15 1.17 11.50 1.39 5.25 1229 5.00 
16 1.66 6.50 lohh 1.75 1.0 5.75 
17 1.20 1.75 1.24 11.50 0.92 3.75 
18 1.08 3.75 125 5.00 1.29 5.50 
19 1.39 5.50 Vel? 5.25 1.08 11.75 
20 1.32 1.75 1.07 1, 00 1.3) 14075 
1 1.15 11.25 1.28 1.50 1.25 5,00 
2 1.3) 1.50 1,50 6.00 1.48 5.75 
3 1.53 5,50 1-28 4025 1.33 5.00 
h 1055 5.00 1.45 5.00 1.39 5.50 
5 1.19 5.50 107 11.25 1.47 6.00 
6 1232 5.50 1.63 ο 1.23 11,50 
7 vn 5.50 1,50 6,00 1,20 400 
8 1.20 IL 1.39 1075 1.16 5.75 
9 1.29 1.75 1.38 5.25 1558 5.25 
10 1.15 11.25 1207 5.25 Je 1.50 
11 3293 1.75 τας 1.50 1.34 5.25 
12 1.41 5.50 τοι 625 1.29 5.00 
13 1.0) 1.00 lo 11.00 1.31 11.50 
1h 1819 1.50 1828 1.50 1.08 11.50 
15 1.65 6.50 JE 5.75 1781 5.00 
16 1.16 14.50 155313 1175 1927 5.25 
E7 1.08 3075 35d 1.25 1.15 11.50 
18 1.23 050 Lay 11.75 1.55 5,50 
19 l.l? 5,50 1821 11.50 1223 1,50 
20 1.56 5,50 1,20 11.00 1.39 1.75 
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Table 13. 


Te So 


Original Data for Tensile Strength 
(pounds) and Elongation (per cent) of Yarn C 


Elongation 
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3.75 


Te Se 


1,113 
1.53 
1.149 
110 
1.40 
1.10 
1216 
1.60 
1.33 
1550 
1.37 
1.64 
1033 
1.13 
1480 
1.36 
Hal 
1,21 
1.65 
1.36 


1.48 


Elongation 


11,25 
14.50 
11.50 
3.75 
5,00 
11.25 
11,00 
1; ,50 
11.25 
5,00 
dive? 5 
5.00 
1, ¿00 
5,00 
11.50 
1400 
11.50 
11,50 
5.00 
175 


Tee Sa 


119 
120 


1.33 


11.50 


9 9 
ΠΟ can te ee 
VO 


o ® 
Vi 
SOURS © 


BCE ο ορ.” 
9 
Μαι N 
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Elongation 


Tables lit, 


Original Data for Tensile Strength 


(pounds) and Elongation (per cent.) of Yarn D 


Το De Te 9. Elongation T. S. Elongation 
1 .98 3 1.15 1, ¿00 1335 11.75 
2 1.07 2 1.39 5.25 1,07 3.25 
3 1.12 1.00 1.12 lh. 25 1.46 11.50 
η Teel 4,00 Teoh 1.00 107 1,00 
5 1.19 11.25 1.55 6,00 1208) 1,50 
6 1087 5,00 1.28 5.25 1.36 6.00 
7 TO 1,00 1.16 1.50 Του 1.25 
8 1.2); 5,00 1.20 l; .00 17 1} 50 
9 1ο. 5,00 Τα 5,00 155 5.00 
10 1.30 5,00 1.20 11.25 1.29 5.50 
11 1.21 3850 1.22 1,00 1.09 3.75 
12 1.20 l, 00 1.18 5.25 1.33 11075 
13 1.14 σι 1522 1.50 1521 5.00 
1} 1.18 1,00 108 6.00 un 5.25 
15 1.32 11,50 1.488 5.25 1,18 11,00 
16 1.27 14.75 1.32 5.50 1.5) 6.25 
17 lw 5.25 1s 0m 11.00 1,52 5,00 
18 1.32 5.00 1.18 3.25 13 5.00 
19 15; 1025 1818 3.75 1.55 575 
20 1.43 1075 0.75 2 οὐ Ὁ 1.40 5.25 
1 1.28 11425 1.33 5,00 0.98 1.00 
2 Ren 11,00 1.38 5,50 118 11,50 
E 1.38 6.00 1.23 11075 158 11.50 
h 1528 11025 0.9% 3.50 110 11.25 
5 182 5.2 1.06 1, ¿00 1.39 5.25 
6 1,40 5.00 1.30 11.25 1.35 5.50 
7 1332 5.50 1.140 64,00 1.2) 5225 
8 1.26 11.75 1 11.75 129 5,50 
9 0,95 3.15 oe 0 1.25 11.25 
10 1.3) l1, 50 leer 5.50 1.13 5.00 
TE 1.09 1.50 1.00 1; ,00 1.17 6.50 
12 103 5.00 1388 1175 1706 14.50 
13 1.30 5,00 1988 5.00 1,11 1.50 
1A 1.48 5.75 1.2 11.50 n 5,50 
15 1.38 5.50 1.29 5.00 1.48 5.00 
16 1.10 3615 0.88 2,50 lol 3.50 
17 le 2 ΠΠ’ 1.04 11,00 1.16 6.00 
18 15037 5.25 1,20 11.75 1.90 5.50 
19 82h 11.00 1150 5.50 13% 6.25 
20 18h 3.25 1.21 I} 025 1.19 1, ,00 
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Table 15, 


Original Data for Tensile Strength 
(pounds) and Elongation (per cent) of Yarn E 


Elongation 
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Elongation 
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ων ἨΎΤΕ 
WM BOrRMOUL MO ONM LOU AH OH OH 


PER HPP PHP PPP PP RP H IH O [p IH HI H9 
9 


- 


Elongation 


1.75 
3.50 
1.50 
3.75 
3.50 
1, .00 
5.25 
1.25 
3.00 
1.50 
5.00 
1.25 
3.25 
5.25 
1.25 
5.75 
6.00 
5.25 
11.75 
5400 


11,50 
11.25 
30 
ley 
3015 
5325 
5,50 
1.00 
6.50 
00 
5.50 
1.50 
3015 
6,00 
11.25 
3.50 
525 
325 
11675 
4.00 
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Table 16. 


T Da 


1492 
1028 
1.40 
UOH 
1.34 
1633 
1.50 
EU 
1.0) 
1.31 
1633 
0.80 
1417 
1.18 
1.43 
1.05 
1.1) 
1.0) 
1407 
0.80 


1930 
ΤΩ 
1.63 
T2 
TOUS 
1.08 
2.07 
1.45 
1.09 
14840 
0.89 
Ve 
AT 

096 
vis 
1.05 
17 
7,12 
1.2) 

ove 


Original Data for Tensile Strength 
(pounds) and Elongation (per cent) of Yarn F 


Elongation 
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4.75 
5.00 
1.50 
5.50 
1.75 
6,00 
1.50 
4.50 
5.25 
5.25 
2.75 
1075 
4.75 
5.50 
5.00 
11.25 
11.00 
11.50 
3325 
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Elongation 


1.75 
5.00 
350 
5.00 
1.00 
5400 
3425 
3.00 
35 
l¡ ¿00 
4.50 
1.25 
1850 
lj 25 
11.75 
Ses 
11.50 
5.00 
Dec 
3.25 


5.25 


NW. S. 


1.17 
0.88 
1.08 
1.03 
1.16 
1.33 
0.95 
1336 
0.98 
0.99 
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Table 17. 


Sa 


Frequency Distribution, Cumulative Frequency and the 
Calculation of the Average and Standard 


Deviation for the Abrasion Resistance of Yarn A 





Class Mid Cumulative 
Interval Point Frequency X fx fx? Frequency 
(cycles) F) 
0-50 25 0 E 0 0 O 
51-100 75 0 Mo 0 0 0 
101-150 125 T - 5 - 5 25 af 
15 1--200 175 9 - 36 U, 10 
201-250 225 10 + E -30 90 20 
251-300 275 10 = 2 20 ho 30 
301-350 325 " s ait al 1h nn 
351-100 375 16 0 0 0 60 
101-150 1125 ΤΙ 1 Jl 11 71 
1151-500 175 if 2 3h 68 88 
501-550 525 7 3 21 63 95 
551-600 pub 5 η 20 80 100 
601-650 625 3 5 15 75 103 
651.700 675 10 6 60 360 116 
101-750 725 3 7 21 1117 1987 
151-800 775 i 8 8 6 120 
801-850 825 3 9 27 213 120 
851-900 875 O 10 0 0 120 
901.-950 925 0 15 0 O 120 
951-1000 975 0 12 0 0 120 
TOTALS 120 112 11,21 11,88 
X =X, 4 Ke 6 3 375 + 12 50 - 122 cycles 


N 120 


. E. = Sof Eee 173 cycles 








Table 18. 





Class Mid 
Interval Point 
(cycles) 
0-=50 25 

51-100 v 
101-150 125 
151-200 175 
201-250 225 
251-300 275 
301-350 325 
351-100 5 
104.150 25 
451-500 475 
50-550 525 
551-600 > 
601-650 625 
651-700 675 
701-750 725 
751-800 775 
801-850 825 
851-900 875 
901-950 925 
951-1000 975 
TOTALS 

THE 
mde ON 
T= c YEE Ee 


Calculation of the Average and Standard 


Deviation for the Abrasion Resistance of Yarn B 


Frequency X 
(£) 


o 


HH 


RHN NO PAU ONO NULOOOL OF © 


p 
ON 0-3 DULE-W N IH O FJ n9 V [Z7 ON - Co NO 


PR 


- 8 
E 
-M 
~)0 
32 
E 
30 


120 -180 


x C = 475 +8) x 50 = 00 cycles 


120 


SORU T c = 216 cycles 


ΓΘ 


f 


6h 
190 
50} 
200 
128 


59 


Frequency Distribution, Cumulative Frequency and the 


Cumulative 
Frequency 





Table 19. 


Class 


Interval 
(cycles) 


Oram ps ë E -e e ee es eye ee ee eee MES 


651-700 
701="750 
751-800 
801-850 
851-900 
901-950 


951-1000 


TOTALS 


a a Sy ee 


LE 


Calculation of the Average and Standard 


Deviation for the Abrasion Resistance a Tarn C 


AE 


a 


dim. 


Frequency x 
(f£) 
ο - 6 
2 = 5 
2 - U 
9 - 3 
13 -2 
8 - 1 
28 0 
mo L 
1} 2 
9 3 
6 h 
5 5 
1 6 
1 7 
3 8 
O 7 
O 10 
ο 2 
ο 12 
O 13 
120 


fx 


n3 


fx? 


= 325 PS x 50 = 359 cycles 


50 USD . 135 cycles 
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Frequency Distribution, Cumulative Frequency am the 


Cumulative 
Frequency 


reno 


26 


62 

81 

Eb 
10); 
110 
115 
116 
Tay 
120 
120 
120 
120 
120 
120 


152 
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Table 20, Frequency Distribution, Cumulative Frequency and the 
Calculation of the Average and Standard 
Deviation for the Abrasion Resistance of Yarn D 














Class Mid Cumulative 
Interval Point Frequency x fx fx? Frequency 
(cycles) em 
0-50 25 O = 6 0 0 0 
51-100 75 2 > 5 «10 50 2 
107=:50 125 il - >l 16 3 
1541-200 17 9 - 3 =27 81 12 
201-250 225 9 = 2 --] 8 36 21 
250-300 ar JT - 1 17 17 38 
301-350 325 18 O O ο 56 
351-400 375 11 T 11 er 67 
401-450 125 I7 2 3h 68 Jn 
151-500 h75 15 3 115 135 99 
501-550 525 2 l 8 32 J01 
552-606 575 h 5 20 100 105 
601-650 625 h 6 2h 1h 109 
651.700 675 7 7 119 313 116 
701-750 725 3 8 2h 192 119 
751-800 775 1 a 9 81 120 
301-850 825 O 10 O 0 120 
851-900 875 0 1g O O 120 
901-950 925 ο 12 O O 120 
951-1000 975 O JS ο 0 120 
TOTAIS 120 11,8 1306 1532 





X 2X, ie LO x C = 325 + x 50 = 387 cycles 


ee V AC. c WP - un = 165 cycles 
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Table 21. Frequency Distribution, Cumulative Frequency and the 
Calculation of the Average and Standard 
Deviation for the Abrasion Resistance of Yarn E 





Class Md Cumulative 
Interval Point — x PR FR Frequency 
f 

0-50 25 O = O 0 O 
51-100 75 O - ο 0 O 
101-150 125 0 E. ο 0 0 
151-200 175 dal -6 -66 396 11 
202-250 225 l ~ 5 00 100 15 
251-300 275 15 - 4 -60 210 30 
301» 350 325 16 ~ 3 -118 1114 πό 
351-100 35 17 -2 -34 68 63 
401-1450 #25 NE -1 -15 15 78 
151.500 175 18 0 0 0 96 
501-550 525 6 Í 6 6 102 
551-600 S78 6 2 12 2l 108 
601-550 625 5 3 15 30 113 
651-700 675 3 h 2 118 116 
701-750 726 3 5 15 75 1. 
751-800 775 0 6 6 36 119 
801-850 825 1 7 7 19 120 
851-900 875 O 8 0 0 120 
901-950 925 O 9 0 O 120 
951-1000 O 0 10 ο 0 120 


TOTALS 120 πο 1231 11,96 


X =X, + Lix xC a h75 + (270), 50 x lol cycles 


fx? 1231 
sc ja = 50 < = 158 cycles 











Table 22, 





Class Ma 
Interval Point 
(cycles) 
0-50 25 
51-100 75 
101-50 125 
151-200 175 
201-250 225 
251-300 275 
301.350 325 
351-400 $05 
01-50 1125 
151.500 1,75 
504-550 525 
551-600 Du 
601-650 625 
651-700 675 
701-750 55 
751-800 ms 
801-850 825 
851-900 875 
901-950 925 
951-1000 975 
TOTAIS 
F IDE 
Y ca 
I Ἐξ 
| Ex 
Tech το; 








Calculation of the Average and Standard 


Deviation for the Abrasion Resistance of Yarn F 





4 50 


Frequency 


(8) 


ps 


[5 
N 


Hi p i i 
HOOOPPN NY NWoOAnw co E- TO 


120 


pei. 
QJ IQ PM. O SO O03 ON UL I7 Uo fO HH. O FJ. P5 VO E77 


118 
-36 
=28 
«+18 


3 
12 
18 
36 
12 
1h 
16 


10 


1h 
3h 


= 275 Team T x 50 = 289 cycles 


1384 
120 


= 167 cycles 
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Frequency Distribution, Cumulative Frequency and the 


Cumulative 
Frequency 
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Table 23. Frequency Distribution and the Calculation 
of the Average and Standard Deviation for 
the Tensile Strength of Yarn A 


Class Mid 
Interval Point Frequency 
(pounds) (f£) (x) (itz) (£x?) 
»70.-., 00 JI O - 7 O O 
.81= 90 085 O > 6 O O 
o9i-l 000 295 0 = 5 0 ο 
16012] ,i0 1.05 1 - h Zn 16 
Lellel 20 1,15 2 3 - 6 18 
1024i-1.30 1.25 18 = 2 -36 Το 
Lo 1-1 +10 1585 25 = l -25 25 
1.11-1,.50 1.5 2l, 0 0 0 
1.511,60 1.55 2T 1 27 ef 
1.,61-1,70 1.65 16 2 32 6h 
1.71-1.80 ie " 3 za 63 
TOTALS 120 9 285 





EM Du kl 9 E $ 
Knog + Sx Cs 1045 + τος Σ 0.10 - 1.45 + .0075 = 1.46 lbs 


gen, 


2 A 
r— EET 2 85 
cmo 1 — m a Tua ee uo ao om: 
Gag = C ἳ N = 0.10 m0 * ou y 2.38 = 0,10 x 1.51 = 0.151 lbs 
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Table 2h. Frequency Distribution and the Calculation 
of the Average and Standard Deviation for 
the Tensile Strength of Yarn B 


Class Mid 
Interval Point Frequency 
(pounds) (£) (x) (fx) (fx?) 
ο [0480 dam l = 6 = 6 36 
ois ,90 o 85 1 - 5 - 5 25 
.9i=1.00 => 3 =} -12 1,8 
107-1,10 1.05 12 = 3 «33 99 
jo11>1.20 1215 18 = 2 ~36 TE 
1.21-1.30 1.25 26 = l =26 26 
1.3140 1.35 3e O 0 0 
ie) SO 1.45 19 a 19 17 
1.51-=1.60 1.55 6 2 2 2h 
JC OW „70 1.65 3 3 E 2 
Jo pesas, 80 Maro O T O O 
TOTALS 120 -88 376 


-J 
Ua 
T 


or = 104 ares «07 - fec 
A Es 35 + (ele B5 7 5 


i 


σα E 
Tig = C az = 0,10 ans 0200/3513 = 0,10 1.71 ER Ts 





Table 25. 





Class 
Intervas 
(pounds } 


0 10- „80 

ο δ].- ον Ὁ 

21] οϱ0 
1.011,10 
i oli-1.20 
1.23-1.30 
1 .31=1 MO 
i.41-1.50 
1051.80 
1,61-1.70 
1.7i1-1,00 


TOTAIS 


Mid 


Frequency Distribution and the Calculation 
of the Average and Standard Deviation for 
the Tensile Strength of Yarn C 





Point 


X ap 


D 


N 


a 
a) 


39 


Frequency 
(x) (£x) 
0 = 6 ο 
O cM O 
3 - 1 212 
5 - 3 -15 
13 - 2 -26 
18 - 1 ~18 
p O O 
20 1 20 
21 2 1,2 
8 3 2} 
1 n ly 
120 19 


2 s" 
1.35 + 55% 0.10 = 1.35 + 0.16 


T ee 
C (ice " 0,10 9/ 355 = 0.10 ¥2.96 = 0.10 x 1.72 


«3 


) 


œ 


(fx?) 


1: ibs 


0.172 ibs 


Table 26. 


Class 
Interval 
(pounds ) 


ο [0-- «80 

¿090 

.91-1.00 
10-120 
Denn. ua) 
142-130 
AAA 
1.41-1.50 
1.51-1,60 
4-1 870 
1,480 


TOTAIS 


a 


+ En 


Mid 


Point 


1.25 





= 13524 lbs 


cy = = Oew 2.26) = Onl desi = 00151 108 


the Tensile Strength of Yarn D 


Frequency 
f) (x) 


Ui p 
Fog 


12 


DD 
~] 
| 
Vi F7 V no pP) Q P fo Vo Ev 


32 
ai 
10 


120 


Frequency Distribution and the Calculation 
of the Average amd Standard Deviation for 


(fx) 


307 


60 


ο 


25 
16 


15 
1,8 
a 
27 


L5 


273 


-13 κι -1.3 
e e0 22m - A τν 1.25 1 
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Table 27. Frequency Distribution and the Calculation 
of the Average and Standard Deviation for 
the Tensile Strength of Yarn E 


Class Mid 
Interval Point Frequency o 
(pounds) (£) (x) (Ex) Chee 
.70-.80 .75 O - ἢ ο ο 
81-.90 . 85 3 T 3 “ο 9 27 
.91-1.00 .95 10 - 2 --20 LO 
1.01-1.10 1.05 13 - 1 -13 T3 
l.11-1.20 1.15 36 0 0 ο 
1.2] --1 «230 1.25 26 1 26 26 
1.31-1.10 1.35 23 2 πό 92 
1.41-1.50 1.45 6 3 18 Sh 
AA 1.55 3 h 12 48 
1461-1570 1.65 0 5 O ο 
1.71-1.80 1.75 0 6 O ο 
TOTAIS 120 60 300 


ner, + 22 6 Bang a - 1.05) 4+ 005 A 
N 120 


> 
C £M - 0.10 y 30 ~ 0.10 x wW2.50 = 0.10 x 1.51 = 0.151 lbs 


e 
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Table 28. Frequency Distribution and the Calculation 
of the Average and Standard Deviation for 
the Tensile Strength of Yarn F 


Class Mid 
Interval Point Frequency 2 
(pounds) (£) (x) (fx) i) 
.70-.80 +75 3 -h -12 48 
.81-.90 .85 6 - 3 -18 5h 
91-1 ο00 095 18 - 2 -26 52 
1,01-1.10 1,05 23 - 1 23 23 
3 1-20 1415 38 0 ο 
1.21-1.30 1.25 16 1 16 16 
1.31-1.10 1.35 12 2 2h 118 
1.111-1,50 1345 B 3 ΠΕ 45 
1.51-1.60 1.55 1 h h 16 
1.61-1.70 1.65 3 5 15 75 
1.71-1.80 1.75 O 6 O O 
TOTAIS 120 -5 By 


PS 
l 





I n. (5) _ ] 
Ts = X, + N κ ο = 1.15 + 150 0.10 = 1.15 0.00); = 1.15 lbs 


a? — 
C ame = 0.102 372 - OUS SEU, - 0.10 x 1.71 ΠΠ 


4| 








Class 
Interval 
(Per Cent 


1.51-2 .00 
2401-250 
ARTES LOO 
3 901-3 .50 
3.51-1.00 
1 ,01-11.50 
1 $5355 ¿00 
5,01-5,50 
5,51-6.00 
6,01-6,50 
6 .51-7 .00 
τοσο 


TOTALS 


Y £ -58 x 0. 
Xp =X% + 3. „5.04 (05 


Table 29. 
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Frequency Distribution and the Calculation 
of the Average and Standard Deviation for the 
Elongation of Yarn A 


Mid 
Point Frequency 
) (£) 
1375 0 
2.25 0 
2.75 0 
Sat 0 
a O 
11,25 10 
ΠΝ 18 
5.25 28 
E35 37 
6.25 19 
8.5 7 
yim 1 
120 


120 


(x) (£x) (εχξ) 
a O 0 
- 7 O ο 
= O 0 
= 5 ο O 
- 0 0 
- 3 -30 90 
=. -36 72 
- 1 =26 28 
O ο O 
1 19 19 
2 1l 28 
3 3 9 
-58 217 


)- 5.75 = 24 = 5.51% 


| 2 | 
Öp =C az ic PAL = 0.5 x 2.06 = 1.hlı x 0.5 = 0.72% 





Class 
Interval 
(Per Cent 


1.51-2,00 
2,01-2,50 
2 51-3 .00 
3 .01-3 >50 
351-1 .00 
l; ¿O1-) „SO 
51-5 .00 
5 01-5 ,50 
5.51-6.00 
6,01-6,50 
6,51-7 ο00 
7.01-7.50 


TOTAIS 


Table 30. 
of the Average and Standard Deviation for the 


) 


Mid 


Point 


-J) ONONNA M [7 7 V9 Vo Pho n5 FJ 
9 
UIST ULUL UL UL UL UIL YUL VI 


MA 


D TPET E (23,005 Eo 


Frequency Distribution and the Calculation 


Elongation of Yarn B 


Frequency 


120 


(x) 


MA [7 V9 fo FP O FJ n9 v9 L7\n ON 


)- 1.75 - 0.005 = 1.75% 


= 0.5 | za = 0.5 Y 2.00 = 0.5 DE 1 ο = 0.72% 


6l, 
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Table 31. Frequency Distribution and the Calculation 


Class 
Interval 


(Per Cent) 


1.51-2 .00 
2 .01-2 .50 
2 .50-3 ¿00 
3 ο01.--3 „50 
3.51-1.00 
Wale .50 
1.51-5 200 
5 ,01-5 «50 
5.51-6 0O 
6.01-6.50 
6.51-7 ο00 
T eOl~7 8 


TOTALS 


of the Average and Standard Deviation for the 
Elongation of Yarn C 


Mid 
Point Frequency 2 
(£) (x) (fx) (Sf) 
1305 0 oh 0 0 
2.25 2 - 3 d 18 
2.75 3 - 2 = (6 12 
3.25 16 zn -lg 16 
3:75 33 O O O 
1.25 1,2 al 112 112 
1.75 18 2 36 78 
5.25 h 3 12 36 
S 1 T ly 16 
6.25 ili 5 5 25 
6,15 O 6 0 0 
7.25 0 7 0 0 
120 7j 2113 


F=f + ZR x6 = 3.754 DEO „ 3.75 + 30 = 1.05% 


N 20 


| 2 | 
Or = C = = 0.5 = ce 0.5 2.025 -- 0.5 X lel2 = 0.71% 





EEE υπ a= = τη 


Table 32. Frequency Distribution and the Calculation 
of the Average and Standard Deviation for the” 
Elongation of Yarn D 
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Class Mid 
Interval Point Frequency 2 
(Per Cent) (f) (x) (fx) ER} 
1.51-2 ,00 1.75 1 E 5 == 5 25 
2 ,01-2 .50 2,25 2 - li -8 32 
2,51-3,00 2.75 i - 3 - 3 9 
3 .01-3 ,50 3.25 6 = 2 E 2l 
3,51-1,00 3.75 2l zm -2li 2h 
l; ¿01-21 ¿50 11.25 2h 0 0 0 
4 51-5 .00 μετρ 28 1 28 28 
5,01-5,50 5.25 23 2 h6 92 
5,51-6,00 5.75 8 3 24 Ta 
6,01-6,50 6,25 3 T 12 1,8 
6 .51-7.00 6.75 0 5 0 0 
7.01=7.50 7.25 0 6 O 0 
TOTAIS 120 58 354 

TN * 4 50 k DA . E 

Xp =X, + p oe 1.25 + u 1.25 + 0.24 = 1.49% 

y σεχ u] 351 GEL 
Cp = C Y = 05/224 2 0.592.95 = 0.5 x 1.71 = 0.858 
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Table 33. Frequency Distribution and the Calculation 
of the Average and Standard Deviation for the 
Elongation of Yarn E 


Class Mid 

Interval Point Frequency 2 
(Per Cent) CH) (x) (fx) (Πατ) 
1.51-2.00 1.75 0 - 5 O O 
2 01-250 2.25 1 - h - U 16 
2,51-3,00 2.75 2 - 3 - 9 e, 
3,01-3,50 3.25 16 - 2 -32 61 
3.51-1.00 SIE 20 =) -20 20 
11.01-11.50 #25 29 O 0 0 
.51-5 .00 h.75 29 1 29 2 
5 01-5 .50 5.25 15 2 15 30 
5.51-6.00 5475 D 3 15 15 
6 .01-6.50 6,25 2 li 8 32 
6.51-7.00 6.75 ο 5 O O 
7 01-7 .50 7.25 O 6 O O 
TOTAIS 120 — 2 263 


2x «5 
120 = 1.25 κ. οὉ)]. = 4.2% 





$ $ fx 
Kg 2 XQ b um Cae H.E 


| 2 | nz 
Or = C -- = 055 = — 0.5 εν; = 0.5 x 1.48 = 0.717 








Class Mid 
Interval Point 
(Per Cent) 
1251-2 .00 1.75 
2 ,01-2,50 2.25 
2 51-3 «00 2.75 
3,01-3.50 3325 
3,51-1,00 3.75 
11.01-14.50 1.25 
151-5 .00 14.75 
5.01-5 .50 5525 
5.51-6 .00 5.75 
6,01-6,50 6.25 
6,51-7 .OO 6.75 
7 001-7 050 7025 
TOTAIS 

Zeit Ec 

2 
Gz- EI 


Table 3h. 


ο = 1.75 + (= 


Frequency 
f) 


10 
2l 
26 
3} 


Pp 
Q QVO NAVI 


120 


-82 x 0.5 
120 


SUME {352 0,5 V2.68 = 0.5 x 1.64 = 0.8% 


(x) 


V 7 V r0 FM O r2. fo Vo [7710s 


|. 175 EN 25 = 1.41% 


Frequency Distribution and the Calculation 
of the Average and Standard Deviation for the 
Elongation of Yarn F 


(fx) 


0 
0 
-12 
-30 
18 
-26 


15 
10 


--82 


68 


(£x?) 


0 
0 
L8 
90 


26 


15 
20 
el 
0 
0 


322 
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Table 35. Cumulative Frequencies, in Per Cent, for 
the Abrasion Resistance of Yarn A (Cycles) 


Class Ma Plus Plus Plus Plus Plus 
Interval Point Run 1 Run 2 Run 3 Run L Run 5 Run 6 
(cycles) 
0-50 25 0.00 0.00 0,00 0.00 0.00 0.00 

51-100 75 0.00 0,00 0,00 0.00 0,00 0,00 
101-150 125 0,00 0,00 1.66 1.25 1.00 0.83 
151-200 175 10,00 10,00 9,99 8.75 8.00 8.33 
201-250 225 25.00 22.50 21.66 17.50 16 .00 16.66 
251-300 275 30,00 35,00 31.66 26 025 21 ¿00 25.00 
301-350 325 10,00 1,5 ,00 43.33 38.75 37.00 36 .66 
351-100 375 55.00 62.50 63.33 55.00 53.00 50,00 
401-450 425 60,00 75.00 T3 e33 63.75 61.00 59.16 
1451-500 1175 80,00 87.50 86 .66 76.25 71.00 73.33 
501-550 525 90.00 95,00 93.33 82.50 80,00 79.16 
551-600 575 90,00 95 ,00 93 933 85 00 8]; 0Ο 83.33 
601-650 625 90,00 95,00 96,66 87,50 86,00 85,83 
651-700 675 100,00 100,00 100.00 97.50 96 ,00 91.16 
701-750 725 100.00 100.00 100,00 98.75 98.00 96 ,66 
751-800 775 100.00 100,00 100,00 98.75 98,00 97,19 
801-850 825 100300 100568 100.00 100,00 100.00 199.89 
851-900 875 100.00 100.60 100.00 1200.08 100.0 1%. 
901-950 925 100.00 100.00 100.00 100.00 100.00 100.00 
951-1,000 Ib 100.00 100.00 100.00 100.00 100.00 100.00 
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Table 36. Cumulative Frequencies, in Per Cent, for 


the Abrasion Resistance of Yarn B (Cycles) 


Class Mid Plus Plus Plus Plus Plus 
Interval Point Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 

(cycles) 

8350 25 0.00 0.00 0.00 0,00 0,00 0.00 

51-100 75 5.00 2.50 1.66 1.25 1.00 0.83 
101-150 125 10,00 7.50 8.33 8.75 8.00 9.17 
151-200 175 20.00 17.50 11.99 18.75 18.00 20.83 
201-250 225 20 „00 22.50 19.99 23.75 25 „00 27 0119 
251-300 275 35.00 32.50 28.33 31.25 33.00 314.16 
301-350 325 35,00 35,00 31.66 36.25 39.00 110.83 
351-100 375 110.00 2,50 1,99 50,00 52.00 53 38 
01-150 1125 50,00 60.00 59.99 65.00 67800 67519 
51-500 475 60.00 70.00 69.99 12,50 7141,00 75.99 
501-550 B25 60.00 72.50 71.99 77.50 80.00 79.99 
551-600 575 65 „00 75 .00 76.66 FO stp 82.00 81.66 
601-650 625 65.00 75.00 81.66 82,50 86 .00 85,83 
651-700 675 75.00 82,50 86 .66 87.50 90.00 91.66 
701-750 725 80,00 85.00 88,33 88.75 91.00 92 h9 
751-800 775 80,00 90.00 ο. 92.50 9h ¿00 911.99 
801-850 825 85 ,00 92.50 94.99 95.00 96 ,00 96.66 
851-900 875 95.00 97.50 98.33 97.50 98.00 98.33 
901-950 925 100.00 100.00 100.00 98.75 99 ,00 99.16 
951-1,000 975 100.00 100.00 100.00 100.00 100.00 100,00 


τν “se 
E E» Y 
uA 
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Table 37. Cumulative Frequencies, in Per Cent, for 
the Abrasion Resistance of Yarn C (ee 


Class Mid Plus Plus Plus Plus Plus 
Interval Point Run 1 Run 2 Run 3 Run li Run 5 Run 6 
(cycles) 
0-50 25 0.00 0.00 0.00 0.00 0.00 0.00 

51-100 75 5,00 5.00 3.33 2,50 2,00 1.66 
101-150 125 5 .00 7 050 h .99 3 .75 3 οὐ Ὁ 3 108 
151-200 175 20 „00 17.50 1}; ο99 13.75 235288) 10,83 
201-250 225 25.00 20.00 21 «66 27.50 22 ¿00 21 .66 
251-300 275 25.00 27,50 a 36.25 29 „OO 28.33 
301-350 325 45.00 50.00 So ene 58.75 119 00 51.66 
351-100 375 70.00 70,00 71.66 75.00 66 .00 67 εἰι9 
401-50 1125 90.00 85 .00 83.33 85 .00 77.00 79.16 
1151-500 1175 100.00 92.50 88.33 91.25 86 ,00 86 .66 
501-550 525 100,00 97 .50 911.99 96.25 91.00 91.66 
551-600 S75 100,00 97.50 91.99 96.25 95.00 95,83 
601-650 625 100.00 97.50 96 .66 97.50 96.00 96 ,66 
651-700 675 100.00 97.50 96 .66 97.50 97 .00 97 119 
701-750 725 100,00 100400 100.006 100,00 100,00" 160500 
751-800 Vie 100.00 100.00 100.00 100.00 100.00 100.00 
801-850 825 100.00 100,00 100600 100.00 100.00 100400 
851-900 875 100500 100.005 100.00" 109.00 2100600" 2100480 
901-950 925 100400. 100g0@m 1090.00. 100,00 108700» 09299 
951-1,000 975 100.00 100.00 100.00 100.00 100.00 100.00 
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Table 38. Cumulative Frequencies, in Per Cent, for 
the Abrasion Resistance of Yarn D (Cycles) 


A A A —— 


Class Mid Plus Plus Plus Plus Pius 
Interval Point Run 1 Run 2 Run 3 Run li Run 5 Run 6 

(cycles) 

0-50 25 0,00 0,00 0,00 0,00 0,00 0,00 

51-100 75 5 ,00 2.50 1.66 2.50 2.00 1.68 
101-150 125 5.00 2.50 1.66 3975 3,00 2.19 
151-200 175 5.00 12,50 6.288 11.25 10,00 9.99 
201-250 225 5.00 15 .00 11.66 17.50 18.00 17.49 
251-300 275 30,00 32.50 29.99 32.50 32 .00 31.66 
301-350 325 140,00 15.00 16 .66 118.75 117.00 116.66 
351-100 375 50,00 52.50 53.33 56.25 56.00 55.83 
LO1-150 1125 80,00 72.50 69.99 72.50 69.00 69.99 
151-500 175 85 ,00 82.50 83.33 83.75 81.00 82.19 
501-550 525 90.00 85 .00 δ], «99 86,25 83 .00 E16 
551-600 575 95 .00 90,00 88.33 88.75 86.00 87.19 
601-650 625 95.00 90.00 88,33 88.75 90.00 90.83 
651-700 675 100.00 100.00 98.33 96 625 96.00 96.66 
701-750 725 100.00 100.00 100.00 100.00 99 ,00 99.16 
751-800 725 100.00 100.00 100.00 100.00 100.00 100.00 
801-850 825 100.00 100.00 100.00 100.00 100.0 2100:00 
851-900 875 100.00 100.00 100.00 100.00 100.00 100,00 
901-950 925 100.00 106.00 100.00 100.00 160.00 100400 
951=1,000 975 100.00 100.00 200600 100,00 100300 τη, 
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Table 39. Cumulative Frequencies, in Per Cent, for 
the Abrasion Resistance of Yarn E (Gm a) 





Class Mid Plus Plus Plus Plus Plus 
Interval Point Run 1 Run 2 Run 3 Run h Run 5 Run 6 
(cycles) 

0-50 25 eMe 0.00 0.00 0.00 0.00 0.00 

51-100 75 0,00 0.00 0.00 0.00 0.00 0.00 
101-150 125 0.00 0.00 0.00 0.00 0.00 0.00 
151-200 175 10.00 10 380 9.99 10,00 9.00 9.16 
201-250 225 15 .00 15,00 13.33 13.75 12588 12.49 
251-300 275 15,00 20 ,00 23.33 26.25 25.00 211.99 
301-350 325 l5 ,00 12.50 38.33 40.00 38.00 38.33 
351-100 375 50,00 55 ,00 53.38 52,50 51,00 52.49 
101-1450 1125 65,00 70.00 66 ,66 67.50 65.00 61.99 
151-500 475 75.00 80.00 78.33 80,00 80,00 79.99 
501-550 525 90,00 90,00 81.99 86.25 85,00 814.99 
551-600 575 90,00 92.50 98.38 93475 91.00 89 .99 
601-650 625 95 ,00 97 50 96.66 97.50 95,00 94.16 
651-700 675 100.00 100.00 100.00 100.00 97.00 96.66 
701-750 725 100.00 100.00 100.00 100,00 99.00 99.16 
751-800 775 100.00 100.00 100.00 100.00 99.00 99.16 
801-850 825 100.00 100.00 100,00 100.00 100,00 100.00 
851-900 875 100,00 100,00 100,00 100,00 100,00 100,00 
901-950 925 100,00 100,00 100,00 100,00 200,00 100,00 
951-1,000 975 100,00 100,00 100.00 100.00 100.00 100.00 








Class 


Interval 
(cycles) 


0-50 
ΕΠ ος 
101-150 
151-200 
201-20 
251-300 
301-350 
351-1400 
101-150 
151-500 
501-550 
551-600 
601-650 
651-700 
701-750 
751-800 
801-850 
851-900 
901-950 


951-1,000 


Table h0. 


Mid 
Point 


25 

75 
125 
175 
225 
275 
325 


Cumulative Frequencies, in Per Cent 
the Abrasion Resistance of Yarn F (Cycles 


Run Ἱ 


Plus 
Run 2 


0,00 
7.50 
10.00 
22.50 
35,00 
50,00 
65 .00 
72 50 
77.50 
90,00 
92.50 
95 .00 
95 ,00 
95,00 
97.50 
100,00 
100,00 
100,00 
100,00 
100,00 


Plus 
Run 3 


0.00 
13033 
21.66 
311.99 
ιό «66 
59.99 
69 99 
74.99 
78.33 
88.33 
91.66 
25035 
93033 
21099 
96 „66 
η 
98.33 
9833 
20833 


100,00 


Plus 
Run li 


0.00 
11.25 
18.75 
31.25 
15.00 
58.75 
70.00 
75.00 
78675 
87.50 
91.25 
92 ,50 
95.00 
96.25 
97.50 
98.75 
98.75 
98.75 
98.75 


100,00 


for 


Plus 
Run 5 


1.00 
11.00 
20.00 
32,00 
16,00 
60 ος Ὁ 
79.00 
75.00 
81.00 
89,00 
92 ,00 
91, ,00 
96 ,00 
97.00 
98.00 
99,00 
99 ,00 
77700 
99,00 

100,00 


7l 


Plus 
Run 6 


0.83 
10.83 
20.83 
32.149 
147.49 
61.66 
72.19 
7749 
82.19 
89.99 
92.19 
91.16 
95.83 
97 0119 
98.33 
99.16 
99 .16 
99.16 
99,16 


100,00 











lo 


2o 


30 
ho 


Ρο 


10ο 


11. 


12; 


ΤῊΝ 


Alpe 
15. 
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